Rapid detection of polymyxin resistance in Enterobacteriaceae by Nordmann, Patrice et al.
)RU LGHQWL¿FDWLRQ RI SRO\P\[LQ UHVLVWDQFH LQ Enterobac-
teriaceaeZHGHYHORSHGD UDSLG WHVW WKDWGHWHFWVJOXFRVH
PHWDEROL]DWLRQDVVRFLDWHGZLWKEDFWHULDOJURZWKLQWKHSUHV
HQFH RI D GH¿QHG FRQFHQWUDWLRQ RI FROLVWLQ RU SRO\P\[LQ
% )RUPDWLRQ RI DFLGPHWDEROLWHV LV HYLGHQFHG E\ D FRORU
FKDQJH RUDQJH WR\HOORZRIDS+ LQGLFDWRU UHGSKHQRO
7RHYDOXDWHWKHWHVWZHXVHGEDFWHULDOFRORQLHVRILVR
ODWHVH[SUHVVLQJYDULRXVPHFKDQLVPVRIFROLVWLQUHVLVWDQFH
LQWULQVLF FKURPRVRPDOO\ HQFRGHG DQG SODVPLGPHGLDWHG
0&5DQGFROLVWLQVXVFHSWLEOHLVRODWHV6HQVLWLYLW\DQG
VSHFL¿FLW\ZHUHDQGUHVSHFWLYHO\FRPSDUHG
ZLWKWKHVWDQGDUGEURWKPLFURGLOXWLRQPHWKRG7KLVQHZWHVW
LVLQH[SHQVLYHHDV\WRSHUIRUPVHQVLWLYHVSHFL¿FDQGFDQ
EH FRPSOHWHG LQKRXUV ,W FRXOGEHXVHIXO LQ FRXQWULHV
IDFLQJHQGHPLF VSUHDGRI FDUEDSHQHPDVHSURGXFHUV DQG
IRUZKLFKSRO\P\[LQVDUHODVWUHVRUWGUXJV
APRQJWKHPRVWFOLQLFDOO\VLJQL¿FDQWPXOWLGUXJUHVLV-tant bacteria are carbapenemase-producing Entero-
bacteriaceae%HFDXVH WKHVH EDFWHULD XVXDOO\ UHPDLQ VXV-
ceptible to polymyxins, an old class of antimicrobial drugs 
DOPRVWDEDQGRQHG LQ WKHVEHFDXVHRI WKHLUSRWHQWLDO
toxicity, interest in polymyxins (colistin and polymyxin B) 
KDVEHHQUHQHZHGZRUOGZLGH1,2+RZHYHUWKHLQFUHDV-
LQJXVHRIFROLVWLQH[SODLQVZK\DFTXLUHGFROLVWLQUHVLVWDQFH
PD\ QRZ EH DGGHG WR WKH FDUEDSHQHP UHVLVWDQFH WUDLW LQ
Enterobacteriaceae (3
7KHVWDQGDUGUHIHUHQFHWHFKQLTXHIRUGHWHUPLQLQJVXV-
FHSWLELOLW\ WR SRO\P\[LQV LV EURWK PLFURGLOXWLRQ ZKLFK
UHTXLUHVIDVWLGLRXVDWWHQWLRQDQGDORQJWLPHKWRSHU-
form (42WKHUWHFKQLTXHVIRUGHWHUPLQLQJVXVFHSWLELOLW\WR
SRO\P\[LQVGLVNGLIIXVLRQDQG(WHVWKDYHEHHQSURSRVHG
DQGDOVRSURYLGHUHVXOWVLQ±K%HFDXVHRISRRUGLIIX-
sion of polymyxin molecules in agar, rates of false suscep-
WLELOLW\DUHKLJKXSWR4,5
$FTXLUHGUHVLVWDQFHWRFROLVWLQLQEnterobacteriaceae
UHVXOWVPRVWO\IURPPRGL¿FDWLRQRIOLSRSRO\VDFFKDULGH6
Addition of phosphoethanolamine, 4-amino-L-arabinose
cationic groups, or both to lipopolysaccharide decreases 
SRO\P\[LQELQGLQJWRWKHEDFWHULDORXWHUPHPEUDQH$GGL-
WLRQRIWKHVHJURXSVPD\EHDVVRFLDWHGZLWKFKURPRVRPH
HQFRGHG PHFKDQLVPV PXWDWLRQV LQ 3PU$% RU 3KR34
WZRFRPSRQHQW V\VWHPVRU DOWHUDWLRQVRI WKHmgrB gene) 
(6$UHFHQWUHSRUWUHYHDOHGWKDWDGGLWLRQRISKRVSKRHWKD-
nolamine may also be plasmid mediated through the mcr-
1 JHQH ZKLFK FRQIHUV WKH ¿UVW NQRZQ SODVPLGPHGLDWHG
resistance to colistin in isolates from humans and animals 
(70RUH UHFHQWO\ WKHmcr-1JHQHZDV LGHQWL¿HG LQVHY-
eral plasmid backbones, mostly in Escherichia coli (8±10
There is therefore a need for a test that enables rapid de-
tection of polymyxin resistance in Enterobacteriaceae and 
WKDWPD\FRQWULEXWHWRLWVFRQWDLQPHQW
:HGHYHORSHGDWHVWWKHUDSLGSRO\P\[LQ13>1RUG-
PDQQ3RLUHO@WHVWWKDWGHWHFWVEDFWHULDOJURZWKLQWKHSUHV-
HQFHRIDGH¿QHGFRQFHQWUDWLRQRIDSRO\P\[LQ%DFWHULDO
JURZWK GHWHFWLRQ RU DEVHQFH LV EDVHG RQ FDUERK\GUDWH
metabolism (11$FLGIRUPDWLRQDVVRFLDWHGZLWKFDUERK\-
drate metabolism in Enterobacteriaceae can be observed 
WKURXJK WKH FRORU FKDQJH RI D S+ LQGLFDWRU 7KLV WHVW LV
UDSLGKDQGHDV\WRSHUIRUP
Materials and Methods
Isolate Collection
7RHYDOXDWH WKHSHUIRUPDQFHRI WKHUDSLGSRO\P\[LQ13
WHVWZHXVHGLVRODWHVFROOHFWHGIURPFOLQLFDOVDPSOHV
ZRUOGZLGH7KLVFROOHFWLRQLQFOXGHGEnterobacteria-
ceaeLVRODWHVUHVLVWDQWWRSRO\P\[LQLVRODWHVRILQWULQVL-
cally polymyxin-resistant species (Morganella morganii,
Proteus mirabilis, Proteus vulgaris, Providencia stuar-
tii, and Serratia marcescensDQGLVRODWHVRIYDULRXV
enterobacterial species (Klebsiella VSSE. coli, Entero-
bacterVSSDQGHafnia alveiZLWKDFTXLUHGUHVLVWDQFHWR
SRO\P\[LQV RQOLQH 7HFKQLFDO $SSHQGL[ KWWSZZZQF
FGFJRY(,'DUWLFOH7HFKDSSSGI LQFOXG-
ing a previously reported heteroresistant Klebsiella pneu-
moniaeLVRODWHIRUZKLFK0,&IRUFROLVWLQZDVKLJK12
7KHRWKHUHQWHUREDFWHULDOLVRODWHVEHORQJHGWRYDULRXV
VSHFLHVDQGZHUHVXVFHSWLEOHWRSRO\P\[LQVRQOLQH7HFK-
QLFDO$SSHQGL[
0,&'HWHUPLQDWLRQ
7R GHWHUPLQH 0,&V IRU SRO\P\[LQV ZH XVHG WKH EURWK
PLFURGLOXWLRQ PHWKRG LQ FDWLRQDGMXVWHG 0XHOOHU+LQWRQ
EURWK 0+%&$ UHIHUHQFH  %LR5DG 0DUQHV/D
&RTXHWWH)UDQFHDVUHFRPPHQGHGE\&OLQLFDO/DERUDWRU\
5DSLG'HWHFWLRQRI3RO\P\[LQ
Resistance in Enterobacteriaceae
3DWULFH1RUGPDQQ$XUpOLH-D\RO/DXUHQW3RLUHO
$XWKRUDI¿OLDWLRQ8QLYHUVLW\RI)ULERXUJ)ULERXUJ6ZLW]HUODQG
1
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6WDQGDUG ,QVWLWXWH &/6,JXLGHOLQHV 13±15:HFRQVLG-
HUHGWKLVPHWKRGWREHWKHVWDQGDUGIRUFRPSDULVRQZLWKWKH
UDSLGSRO\P\[LQ13UHVXOWV3RO\P\[LQ%DQGFROLVWLQVXO-
IDWH6LJPD$OGULFK6W/RXLV0286$ZHUHWHVWHGRYHU
D UDQJH RI GLOXWLRQV ± PJP/ $OO H[SHULPHQWV
ZHUHUHSHDWHGLQWULSOLFDWHLQVHSDUDWHH[SHULPHQWV$VUHF-
RPPHQGHGE\&/6,PLFURGLOXWLRQZDVSHUIRUPHGZLWKRXW
DGGLWLRQRI7ZHHQ15), and E. coli$7&&ZDV
XVHGDVDFRQWUROVWUDLQ
Because no breakpoint is available for polymyxins for 
EnterobacteriaceaeDFFRUGLQJWR&/6,JXLGHOLQHV14ZH
XVHGWKHEUHDNSRLQWVRIWKH(XURSHDQ&RPPLWWHHRQ$QWL-
PLFURELDO6XVFHSWLELOLW\7HVWLQJ(8&$67IRU UHIHUHQFH
(16 (QWHUREDFWHULDO LVRODWHV ZLWK FROLVWLQ RU SRO\P\[LQ
%0,&V<2 PJP/ZHUHFDWHJRUL]HGDVVXVFHSWLEOHWKRVH
ZLWK0,&V!PJP/ZHUHFDWHJRUL]HGDVUHVLVWDQW
3&5$PSOL¿FDWLRQDQG6HTXHQFLQJ
:H UHFRYHUHG WKH FKURPRVRPDO '1$ RI WKH LVRODWHV E\
XVLQJDFRPPHUFLDOO\DYDLODEOHNLW4,$TXLFN4,$*(1
&RXUWDERHXI)UDQFHDFFRUGLQJ WR WKHPDQXIDFWXUHU¶V LQ-
VWUXFWLRQV:H VHTXHQFHG WKH pmrA, pmrB, phoP, phoQ,
and mgrB genes possibly involved in colistin resistance 
in K. pneumoniae and K. oxytoca, as described previously 
(12,17±19:HSHUIRUPHG3&5DPSOL¿FDWLRQIRUGHWHFWLRQ
of the plasmid-mediated mcr-1 gene as described (7
Isolate Genotyping by Pulsed-Field Gel Electrophoresis
:HDVVHVVHGWKHJHQHWLFUHODWHGQHVVRIWKHFROLVWLQUHVLVWDQW
LVRODWHV ZLWK LGHQWLFDO PROHFXODU PHFKDQLVPV RI FROLVWLQ
UHVLVWDQFH:H XVHG SXOVHG¿HOG JHO HOHFWURSKRUHVLVZLWK
XbaI-digested genomic DNA as described previously (20
5DSLG3RO\P\[LQ137HVW
Reagents and Solutions
7KHUDSLGSRO\P\[LQ13WHVWXVHVUHDJHQWVDQGVROXWLRQV
VWRFNVROXWLRQVRISRO\P\[LQVDQGUDSLGSRO\P\[LQ13VR-
OXWLRQ(DFKLVGHVFULEHGEHORZ
For stock solutions of polymyxins, colistin sulfate and 
SRO\P\[LQ%SRZGHUV 6LJPD$OGULFKZHUHGLOXWHG LQWR
0+%&$PHGLXPLQJODVVWXEHVWRREWDLQDFRQFHQWUDWLRQ
RIPJP/7KHVHSRZGHUVFDQEHVWRUHGDW&EHIRUH
use, and the diluted polymyxin solutions can be kept at 
&IRU\HDU2IQRWHSRO\P\[LQFRQWDLQLQJEDWFKHV
from commercial origin can be used, but the colistimethate 
VXOIDWH SRZGHU D WKHUDSHXWLF SURGUXJ RI FROLVWLQ FDQQRW
EHXVHG
7RSUHSDUHP/RIWKHUDSLGSRO\P\[LQ13VROX-
WLRQZHPL[HG WKH FXOWXUHPHGLXPDQG WKHS+ LQGLFDWRU
LQDJODVVERWWOHDV IROORZVJRI0+%&$SRZGHU
JRI SKHQRO UHG 6LJPD$OGULFK DQGP/RI
GLVWLOOHGZDWHU7KHS+RIWKHVROXWLRQZDVDGMXVWHGWR
E\DGGLQJGURSVRIPRO/+&/7KLVVROXWLRQZDVWKHQ
DXWRFODYHGDW&IRUPLQ$IWHUFRROLQJWKHVROXWLRQ
WRURRPWHPSHUDWXUHZHDGGHGP/RIDQK\GURXV
DJOXFRVH5RWK.DUOVUXKH*HUPDQ\VWHULOL]HGE\¿O-
WUDWLRQ7KH¿QDOFRQFHQWUDWLRQVLQWKHUDSLGSRO\P\[LQ13
VROXWLRQ ZHUH FRQVHTXHQWO\  RI 0+%&$ SRZGHU
RISKHQRO UHG LQGLFDWRUDQGRIDJOXFRVH
7KLVUDSLGSRO\P\[LQ13VROXWLRQFDQEHNHSWDW&IRU
ZHHNRUDW&IRU\HDU7KLVVROXWLRQPXVWEHSUH-
ZDUPHG DW &EHIRUH XVH WR SUHYHQW JURZWKGHOD\ DQG
WKHUHIRUHDGHOD\HGFRORUFKDQJH
-XVWEHIRUHSHUIRUPLQJWKHH[SHULPHQWZHDGGHGFR-
OLVWLQWRWKHUDSLGSRO\P\[LQ13VROXWLRQDQGPL[HGLWLQWR
VWHULOHJODVV WXEHV WRREWDLQDUDSLGSRO\P\[LQ13VROX-
WLRQFRQWDLQLQJD¿QDOFROLVWLQFRQFHQWUDWLRQRIPJP/
)RUH[DPSOHZHDGGHGP/RIFROLVWLQVWRFNVROXWLRQDW
PJP/WRP/RIUDSLGSRO\P\[LQ13WHVWVROXWLRQ
IRU WKH WHVWLQJ RI  LVRODWH DQG UHVSHFWLYH QHJDWLYH DQG
SRVLWLYHFRQWUROV
Bacterial Inoculum Preparation
:H SUHSDUHG D VWDQGDUGL]HG HQWHUREDFWHULDO LQRFXOXP E\
XVLQJIUHVKO\REWDLQHGRYHUQLJKWEDFWHULDOFRORQLHVJURZQ
RQ/XULD%HUWDQLRU0XHOOHU+LQWRQSODWHV:HUHVXVSHQGHG
WKHEDFWHULDOFRORQLHVLQWRP/RIVWHULOH1D&/
WRREWDLQD±0F)DUODQGRSWLFDOGHQVLW\|9&)8
P/ZKLFKFRUUHVSRQGVWRDQ|P/IXOOORRSRIEDFWHULDO
FRORQLHV GLOXWHG LQ P/ RI1D&/$ EDFWHULDO VXVSHQ-
VLRQZDVSUHSDUHGIRUHDFKLVRODWHWREHWHVWHGDQGIRUWKH
colistin-susceptible and -resistant isolates used as controls 
LVRODWHV)5DQG)5UHVSHFWLYHO\RQOLQH7HFKQLFDO
$SSHQGL[$VUHFRPPHQGHGE\WKH(8&$67JXLGHOLQHV
IRUVXVFHSWLELOLW\WHVWLQJZHXVHGWKHEDFWHULDOVXVSHQVLRQV
ZLWKLQPLQRISUHSDUDWLRQDQGIRUQRORQJHUWKDQPLQ
after preparation (16
Tray Inoculation
:HSHUIRUPHG WHVWLQJ LQ D ZHOO SRO\VW\UHQHPLFURWHVW
SODWHURXQGEDVHZLWKOLGVWHULOHUHIHUHQFH
6DUVWHGW1PEUHFKW*HUPDQ\)RUHDFKLVRODWHEDFWHULDO
VXVSHQVLRQZDVLQRFXODWHGLQSDUDOOHOLQWRZHOOVZLWKDQG
ZLWKRXWFROLVWLQ7KHIROORZLQJVWHSVRIWKHUDSLGSRO\P\[-
LQ13WHVWZHUHWKHQSHUIRUPHG)LJXUH
6WHSP/RIFROLVWLQIUHHVROXWLRQZDV
 WUDQVIHUUHGWRZHOOV$±$
6WHSP/RIWKHUDSLGSRO\P\[LQ13VROXWLR 
 FRQWDLQLQJFROLVWLQZDVWUDQVIHUUHGWRZHOOV
 %±%
6WHSP/RI1D&OZDVDGGHGWRZHOOV
  $DQG%
6WHSP/RIWKHFROLVWLQVXVFHSWLEOHLVRODWH
 VXVSHQVLRQXVHGDVQHJDWLYHFRQWUROZDVDGGHGWR
 ZHOOV$DQG%
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6WHSP/RIWKHFROLVWLQUHVLVWDQWLVRODWH
 VXVSHQVLRQXVHGDVSRVLWLYHFRQWUROZDVDGGHGWR
ZHOOV$DQG%
6WHSP/RIWKHWHVWHGLVRODWHVXVSHQVLRQZDV
 DGGHGWRZHOOV$DQG%
:HPL[HG WKHEDFWHULDO VXVSHQVLRQZLWK WKH UHDFWLYH
PHGLXPE\SLSHWWLQJXSDQGGRZQ7KH¿QDOFRQFHQWUDWLRQ
RIEDFWHULDZDV|8&)8P/LQHDFKZHOODQG WKH¿QDO
FRQFHQWUDWLRQRIFROLVWLQVXOIDWHZDVPJP/
Tray Incubation
:HLQFXEDWHGWKHLQRFXODWHGWUD\IRUXSWRKDW&
LQDPELHQWDLUZLWKRXWEHLQJVHDOHGDQGZLWKRXWDJLWDWLRQ
:H GLG QRW VHDO WKH WUD\ EHFDXVH R[\JHQ LV UHTXLUHG IRU
FDUERK\GUDWHPHWDEROLVP
Tray Reading
:HYLVXDOO\LQVSHFWHGWKHWUD\FKHFNHGIRUQRVSRQWDQHRXV
FRORUFKDQJHDIWHUPLQDQGWKHQHYHU\KRXUIRUK:H
considered the test result positive (polymyxin resistance) if 
WKHSRO\P\[LQUHVLVWDQWLVRODWHJUHZLQSUHVHQFHRIFROLVWLQ
and negative (polymyxin susceptibility) if the polymyxin-
VXVFHSWLEOH LVRODWH GLG QRW JURZ LQ SUHVHQFH RI FROLVWLQ
:H FRQVLGHUHG WKH WHVW UHVXOW LQWHUSUHWDEOH LI WKH IROORZ-
LQJFRQGLWLRQVZHUHPHWERWKZHOOVZLWK1D&O
ZLWKRXWEDFWHULDOVXVSHQVLRQZHOOV$DQG%UHPDLQHG
RUDQJH DEVHQFH RIPHGLXP FRQWDPLQDWLRQ  WKHZHOOV
ZLWKEDFWHULDOVXVSHQVLRQDQGFROLVWLQIUHHZHOOV$±$
WXUQHGIURPRUDQJHWR\HOORZFRQ¿UPLQJWKHPHWDEROLVP
RIJOXFRVHE\WKHLVRODWHVWKHZHOOVZLWKWKHFROLVWLQVXV-
ceptible reference bacterial suspension (negative control) 
JDYHQHJDWLYHUHVXOWVZHOOV$DQG%DQGWKHZHOOV
ZLWK WKH FROLVWLQUHVLVWDQW UHIHUHQFH EDFWHULDO VXVSHQVLRQ
SRVLWLYHFRQWUROJDYHSRVLWLYHUHVXOWVZHOOV$DQG%
7KHWHVWUHVXOWZDVSRVLWLYHZKHQWKHZHOOFRQWDLQLQJFROLV-
WLQZHOO%DQGWKHLVRODWHWREHWHVWHGWXUQHGIURPRUDQJH
WR\HOORZJLYLQJH[DFWO\WKHVDPHFRORUDVWKHZHOOZLWK-
RXWFROLVWLQZHOO$LQGLFDWLQJJOXFRVHPHWDEROLVPDQG
JURZWKLQSUHVHQFHRIFROLVWLQLHFROLVWLQUHVLVWDQFH)LJ-
XUH7KH WHVW UHVXOWZDVQHJDWLYHZKHQ WKHZHOOFRQWDLQ-
LQJFROLVWLQZHOO%ZLWKWKHLVRODWHWREHWHVWHGUHPDLQHG
RUDQJHXQFKDQJHGFRORU)LJXUHRUZDVPRUHFOHDUWKDQ
WKHZHOOVZLWK1D&OEXWQRWH[DFWO\WKHVDPHFRORU
DVWKHZHOOZLWKRXWFROLVWLQQRWVKRZQ5HVXOWVZHUHLQ-
WHUSUHWHGE\WHFKQLFLDQVZKRGLGQRWNQRZZKLFKLVRODWHV
ZHUHFROLVWLQUHVLVWDQWDQGFROLVWLQVXVFHSWLEOH
Other Experimental Conditions Tested 
Polymyxin B Instead of Colistin
:HHYDOXDWHGWKHSRVVLELOLW\RIDGDSWLQJWKHWHVWWRVXVFHSWL-
ELOLW\WHVWLQJRISRO\P\[LQ%LQFRXQWULHVZKHUHSRO\P\[LQ
% LV SUHVFULEHG7R GR VRZH SHUIRUPHG WKH UDSLG SRO\-
P\[LQ13 WHVWZLWK  FROLVWLQSRO\P\[LQ%±VXVFHSWLEOH
LVRODWHVDQGFROLVWLQSRO\P\[LQ%±UHVLVWDQWLVRODWHVZLWK
SRO\P\[LQ%DWWKHVDPHFRQFHQWUDWLRQVRIFROLVWLQVXOIDWH
Incubation Conditions
To determine effects of the incubation atmosphere on time 
WRUHVXOWZHLQFXEDWHGWKHWUD\ZLWKFROLVWLQVXVFHSWLEOH
isolates and 20 colistin-resistant isolates, in parallel, under 
FRQGLWLRQVDPELHQWDLUDQGDWPRVSKHUHZLWK&2:H
also incubated the tray for 20 colistin-susceptible isolates 
DQGFROLVWLQUHVLVWDQWLVRODWHVLQSDUDOOHOZLWKDQGZLWK-
RXWDJLWDWLRQ
Culture Media
To determine the potential effects of culture medium on 
WKHWHVWUHVXOWVZHSHUIRUPHGWKHWHVWZLWKFROLVWLQVXV-
ceptible isolates and 20 colistin-resistant isolates cultured 
RYHUQLJKW RQ GLIIHUHQW DJDU SODWHV 7KH IROORZLQJ FXOWXUH
PHGLDZHUHWHVWHGQRQVHOHFWLYHFXOWXUHPHGLXPVXFKDV
&ROXPELDDJDUVKHHSEORRGELR0pULHX[/D%DOPH
/HV*URWWHV)UDQFHFKRFRODWHDJDU3RO\9LWH[ELR-
0pULHX[QRQVHOHFWLYHFKURPRJHQLFPHGLXP8UL6HOHFW
 %LR5DG  (RVLQ PHWK\OHQH EOXH DJDU 6LJPD $O-
GULFK 'ULJDOVNL DJDU %LR5DG 0DF&RQNH\ DJDU
9:5%'+3URODER/HXYHQ%HOJLXPDQGEURPRFUH-
VROSXUSOHELR0pULHX[
Results
2IWKHHQWHUREDFWHULDOLVRODWHVWHVWHGWRHYDOXDWHWKHSHU-
IRUPDQFHRIWKHUDSLGSRO\P\[LQ13WHVWRQOLQH7HFKQLFDO
Appendix), 5 isolates belonged to bacterial species that are 
Figure.5HSUHVHQWDWLYHUHVXOWVRIWKHUDSLGSRO\P\[LQ13
>1RUGPDQQ3RLUHO@WHVW1RQLQRFXODWHGZHOOVDUHVKRZQDVFRQWUROV
¿UVWFROXPQ7KHUDSLGSRO\P\[LQ13WHVWZDVSHUIRUPHGZLWK
DUHIHUHQFHFROLVWLQVXVFHSWLEOHLVRODWHVHFRQGFROXPQDQGZLWK
DUHIHUHQFHFROLVWLQUHVLVWDQWLVRODWHWKLUGFROXPQLQDUHDFWLRQ
PHGLXPZLWKRXWXSSHUURZDQGZLWKORZHUURZFROLVWLQ7KH
WHVWHGLVRODWHJUHZLQWKHSUHVHQFHDQGDEVHQFHRIFROLVWLQ
ZHOOV%DQG$UHVSHFWLYHO\DQGZDVWKHUHIRUHUHSRUWHGWREH
FROLVWLQUHVLVWDQW7KHSKRWRJUDSKZDVWDNHQDIWHULQFXEDWLRQRI
WKHWUD\IRUK
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intrinsically resistant to colistin (M. morganii, P. mirabilis,
P. vulgaris, P. stuartii, and S. marcescensDQGLVRODWHV
RIYDULRXVVSHFLHVGLVSOD\HGDQDFTXLUHGPHFKDQLVPRIUH-
VLVWDQFHWRFROLVWLQ)RUKlebsiellaVSSLVRODWHVUHVLVWDQFH
WRFROLVWLQZDVDVVRFLDWHGZLWKYDULRXVFKURPRVRPDOJHQH
FKDQJHV UHVSRQVLEOH IRU OLSRSRO\VDFFKDULGH PRGL¿FDWLRQV
RQOLQH7HFKQLFDO$SSHQGL[LVRODWHVKDGPXWDWLRQVLQ
WKH3PU$%WZRFRPSRQHQWV\VWHPQ LQpmrA gene, n 
  LQpmrBJHQH LVRODWHVKDGVWUXFWXUDOPRGL¿FDWLRQV
LQWKH3KR34WZRFRPSRQHQWV\VWHPQ LQphoP gene, 
Q LQphoQJHQHDQGLVRODWHVKDGYDULRXVDOWHUDWLRQV
in mgrBJHQHWKHQHJDWLYHUHJXODWRURIWKH3KR34V\VWHP
RQOLQH 7HFKQLFDO $SSHQGL[ 6HYHQ QRQGXSOLFDWHE. coli
isolates harbored a plasmid-mediated mcr-1JHQH3XOVHG
¿HOGJHOHOHFWURSKRUHVLVUHYHDOHGWKDWLVRODWHVZLWKLGHQWLFDO
mechanisms of colistin resistance (chromosomal or plas-
PLGHQFRGHGZHUH QRW FORQDOO\ UHODWHG GDWD QRW VKRZQ
7KHPHFKDQLVPVRIFROLVWLQUHVLVWDQFHUHPDLQHGXQNQRZQ
IRUWKHUHPDLQLQJHQWHUREDFWHULDOLVRODWHVRQOLQH7HFK-
QLFDO$SSHQGL[:LWK UHJDUG WRSHUIRUPDQFHRI WKH UDSLG
SRO\P\[LQ13WHVWZLWKFROLVWLQVXVFHSWLEOHVWUDLQVWKH
FROLVWLQVXVFHSWLEOHLVRODWHVWHVWHG0,&VRIFROLVWLQ±
PJP/JDYHQHJDWLYHUHVXOWVH[FHSWIRULVRODWHVLVRODWHV
)5DQGIRUZKLFKFROLVWLQ0,&VZHUH±Pg/
P/MXVWEHORZWKH(8&$67EUHDNSRLQWDQGZKLFKJDYHD
SRVLWLYHIDOVHSRVLWLYHUHVXOWRQOLQH7HFKQLFDO$SSHQGL[
$V H[SHFWHG LVRODWHV WKDWZHUH LQWULQVLFDOO\ UHVLVWDQW
WRFROLVWLQQ VXFKDVProteusVSSP. stuartii and S.
marcescens, gave a positive test result (online Technical 
$SSHQGL[&ROLVWLQUHVLVWDQW HQWHUREDFWHULDO LVRODWHV Q 
0,&VRIFROLVWLQUDQJLQJIURPWR!PJP/DOVR
JDYHSRVLWLYHUHVXOWVH[FHSWIRUFROLVWLQUHVLVWDQWE. coli
LVRODWHLVRODWH)5IRUZKLFKFROLVWLQ0,&ZDVPg/
P/DQGZKLFKJDYHDQHJDWLYHIDOVHQHJDWLYHUHVXOWRQ-
OLQH7HFKQLFDO$SSHQGL[
&RUUHODWLRQZDVKLJKEHWZHHQFROLVWLQ UHVLVWDQFHDQG
SRVLWLYHUDSLGSRO\P\[LQ13WHVW UHVXOWVDQGFRQYHUVHO\
colistin susceptibility and negative test results (online 
7HFKQLFDO$SSHQGL[ 6HQVLWLYLW\  DQG VSHFL¿FLW\
RIWKHWHVWZHUHDOVRKLJKFRPSDUHGZLWKWKHVWDQ-
GDUGEURWKPLFURGLOXWLRQPHWKRG
%\UHDGLQJWKHFRORUFKDQJHRIWKHZHOOVHYHU\KRXU
ZHGHWHUPLQHG WKDW¿QDO UHVXOWVZHUHREWDLQHGKDIWHU
LQFXEDWLRQZKHQWKHWUD\ZDVLQFXEDWHGDW&XQGHU
DQDPELHQWDWPRVSKHUH+RZHYHUSRVLWLYHUHVXOWVIUDQN
FRORUFKDQJHZHUHREWDLQHGDVHDUO\DVKDIWHULQFXED-
tion for Klebsiella VSS DQGE. coli LVRODWHV+DOI RI WKH
EnterobacterVSS LVRODWHVJDYHSRVLWLYHUHVXOWVZLWKLQ
KRILQFXEDWLRQDQGWKHRWKHUKDOIZLWKLQK,QDGGLWLRQ
DOOUHVLVWDQWLVRODWHVJDYHSRVLWLYHUHVXOWVDIWHUKRILQFX-
EDWLRQZKHQWUD\VZHUHLQFXEDWHGDW&XQGHU
&22$JLWDWLQJ WKH WUD\ GLG QRW LPSURYH WKH VSHHGZLWK
ZKLFKUHVXOWVZHUHREWDLQHG
7KH UDSLG SRO\P\[LQ13 WHVW UHVXOWV ZHUH WKH VDPH
ZKHWKHUSHUIRUPHGZLWKSRO\P\[LQ%RUZLWKFROLVWLQGDWD
QRW VKRZQ 7HVWLQJ RI VHYHUDO DJDU PHGLD UHYHDOHG WKDW
RI WKHFROLVWLQVXVFHSWLEOH WHVWHG LVRODWHVJDYH IDOVH
SRVLWLYH UHVXOWV ZKHQ EDFWHULDO FRORQLHV ZHUH UHFRYHUHG
IURPDFLGLI\LQJPHGLDVXFKDV'ULJDOVNL0DF&RQNH\RU
EURPRFUHVRO SXUSOH DJDU 0HGLD WKDW ZHUH DGHTXDWH IRU
culturing bacteria before performing the rapid polymyxin 
13WHVWZHUH/XULD%HUWDQLDJDU0XHOOHU+LQWRQDJDU&R-
lumbia agar + 5% sheep blood, chocolate agar, UriSelect 4 
DJDUDQGHRVLQPHWK\OHQHEOXHDJDU
'LVFXVVLRQ
7KHUDSLGSRO\P\[LQ13WHVWLVHDV\WRSHUIRUPUDSLGVHQ-
VLWLYHDQGVSHFL¿F,WGHWHFWVSRO\P\[LQUHVLVWDQWDQGVXV-
ceptible isolates from any enterobacterial species, regard-
OHVVRIWKHPROHFXODUPHFKDQLVPRISRO\P\[LQUHVLVWDQFH
This test offers the possibility of detecting polymyxin resis-
tance from bacterial cultures from infected samples or from 
selective media before any antimicrobial drug susceptibility 
WHVWLQJUHVXOWVDUHREWDLQHG5HVXOWVDUHREWDLQHGDWOHDVW
KVRRQHUZLWKWKLVWHVWWKDQZLWKWKHUHIHUHQFHEURWKPLFUR-
GLOXWLRQPHWKRG7KLVWHVWLVDVUHOLDEOHDVWKHUHIHUHQFHGLOX-
WLRQWHFKQLTXHEXWPXFKOHVVFXPEHUVRPHDQGLVQRWEDVHG
on diffusion of large polymyxin molecules in agar (as are 
WKH(WHVW DQG WKHGLVNGLIIXVLRQ WHFKQLTXHVZKLFK WKHUH-
fore prevents false susceptibility results (15$FRPPHUFLDO
WHVWIRUUHVHDUFKXVHRQO\LVDYDLODEOHIRUGHWHUPLQLQJ0,&V
RISRO\P\[LQV75(.'LDJQRVWLF6\VWHPV,QF&OHYHODQG
2+86$15KRZHYHUWKLVWHVWLVDGDSWHGWRWHVWLQJVH-
ries of isolates rather than single isolates, and results are 
DYDLODEOHLQ±K6HQVLWLYLW\DQGVSHFL¿FLW\RIWKHUDSLG
SRO\P\[LQ13 WHVWZHUHKLJK DQG UHVSHF-
WLYHO\PDNLQJLWDSRWHQWLDOXVHIXOFOLQLFDOWHFKQLTXH
7KH UDSLG SRO\P\[LQ 13 WHVW FDQ EH SHUIRUPHG RQ
FXOWXUHG EDFWHULD JURZQRQPHGLD VXFK DV/XULD%HUWDQL
0XHOOHU+LQWRQ8ULVHOHFWHRVLQPHWK\OHQHEOXHEORRG
DJDU DQG FKRFRODWH DJDU ,QWHUIHUHQFH PD\ EH REVHUYHG
ZLWKFRORQLHVJURZQRQDFLGLI\LQJFXOWXUHPHGLD VXFKDV
'ULJDOVNL0DF&RQNH\DQGEURPRFUHVROSXUSOHDJDUV7KH
WHVWKDVEHHQRSWLPL]HG LQ LWVSUHVHQW IRUP WHVWLQJXQGHU
RWKHUFRQGLWLRQV HJFKDQJHV LQS+ LQGLFDWRU LQRFXOXP
VL]HJOXFRVHDQGS+LQGLFDWRUFRQFHQWUDWLRQVSUHSDUDWLRQ
RIWKHVROXWLRQZLWKQRQFDWLRQ±DGMXVWHGFXOWXUHPHGLXP
or use of other polystyrene-containing trays) gave less op-
WLPDOUHVXOWV
7KHUDSLGSRO\P\[LQ13WHVWXVHVFRPPHUFLDOO\DYDLO-
DEOHSRO\P\[LQ%DQGFROLVWLQVXOIDWHSRZGHUVZKLFKDUH
XQVSHFL¿HGPL[WXUHVRIFKHPLFDOO\UHODWHGFRPSRXQGVWKDW
GLIIHUE\VLQJOHDPLQRDFLGFKDQJHVDQGIDWW\DF\OPRLHWLHV
The changes of the relative proportion of the polymyxin 
FRPSRQHQWVRIWKHVHPL[WXUHVLVSRRUO\GH¿QHGDQGDSR-
tential source of variability (21
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:HEHOLHYHWKDWWKHUDSLGSRO\P\[LQ13WHVWPD\XVH-
IXOIRU¿UVWVWHSVFUHHQLQJRISRO\P\[LQUHVLVWDQFHEHFDXVH
XVH RI PROHFXODUEDVHG WHFKQLTXHV IRU LGHQWL¿FDWLRQ RI
DOOSRO\P\[LQUHVLVWDQFHPHFKDQLVPVFDQQRWEHIRUHVHHQ
Indeed, polymyxin resistance in Enterobacteriaceae may 
EH DVVRFLDWHG ZLWK PDQ\ QRQUHODWHG PHFKDQLVPV VRPH
RIZKLFKDUHNQRZQGHIHFWVLQRXWHUPHPEUDQHSURWHLQV
VWUXFWXUDOPRGL¿FDWLRQRIOLSRSRO\VDFFKDULGHHIÀX[RYHU-
expression; 16DQGRWKHUVVWLOOXQNQRZQ
7KLVVWXG\ZDVVXEMHFWWRDWOHDVWOLPLWDWLRQV)LUVW
ZHGLGQRWDVVHVV WKHDELOLW\RI WKHUDSLGSRO\P\[LQ13
WHVW WRGHWHFWKHWHURUHVLVWDQW LVRODWHVZLWK ORZ0,&V IRU
polymyxin by broth microdilution; such isolates are prob-
OHPDWLFWRGHWHFW6HFRQGWKHUDSLGSRO\P\[LQ13WHVWLQ-
YROYHVDQRUDQJHWR\HOORZFRORUFKDQJHZKLFKLVUHDGLO\
apparent for resistant organisms, but interpretation may 
UHTXLUHPRUHYLJLODQFH IURP ODERUDWRU\ WHFKQLFLDQV WHVW-
LQJRUJDQLVPVZLWKORZOHYHOUHVLVWDQFHWKXVODUJHUVFDOH
studies in different laboratories are needed to fully evalu-
DWHWKHUHOLDELOLW\RIUDSLGSRO\P\[LQ13WHVWSHUIRUPDQFH
7KLUGZHFRXOGQRWGHWHUPLQHWKHPHFKDQLVPIRUFROLVWLQ
UHVLVWDQFHLQLVRODWHVIRUZKLFKVHYHUDOPHFKDQLVPVRI
colistin resistance may exist and may be expressed in var-
LRXVZD\V/DVWZHGLGQRWHYDOXDWHWKHUDSLGSRO\P\[LQ
13 WHVW LQ VSHFLHV RI EDFWHULDZLWKPHWDEROLF SDWKZD\V
that differed from those of Enterobacteriaceae; further 
ZRUN LVQHHGHG WRDGDSW WKH UDSLGSRO\P\[LQ13 WHVW WR
detection of polymyxin-resistant Pseudomonas aerugi-
nosa and Acinetobacter baumanniiZKLFKKDYHGLIIHUHQW
PHWDEROLFSDWKZD\V
7KHUDSLGSRO\P\[LQ13WHVWFDQEHXVHGWRGHWHUPLQH
susceptibility or resistance to polymyxins in countries fac-
ing endemic spread of carbapenemase producers and for 
ZKLFKSRO\P\[LQVDUHODVWUHVRUWGUXJV227KHWHVWFDQ
also rapidly identify carriers of polymyxin-resistant iso-
ODWHVOHDGLQJWRUDSLGLPSOHPHQWDWLRQRIDGHTXDWHK\JLHQH
PHDVXUHVWRFRQWUROWKHLUVSUHDG7KLVWHVWFDQDOVRVXSSRUW
the development of novel polymyxin-like molecules, facili-
WDWLQJSDWLHQWHQUROOPHQWLQSLYRWDOFOLQLFDOWULDOV
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